The time of appearance and relative amounts of a-amylase mRNA in wild oat (Avena fatua L.) aleurone protoplasts incubated with 1 micromolar gibberellin A4 (GA.4) were closely correlated with the amounts of a-amylase enzyme secreted by the protoplasts. In the absence of GA4, or when protoplasts were incubated with 25 micromolar abscisic acid (ABA) together with I micromolar GA. no a-amylase mRNA was detected and only very low levels of a-amylase were secreted. Nuclei were isolated in high yields (65-71%) from aleurone protoplasts and in an in vitro transcription system displayed characteristics of a faithful DNA-dependent RNA synthesizing system. The time course of incorporation of pH-UTP suggested that the RNA synthesized was mainly 'run off transcription and therefore that the transcripts produced in vitro were those being synthesized in the protoplasts at the times when the nuclei were isolated. By hybridizing in vitro synthesized I32PIRNA to barley a-amylase cDNA and control filters we have estimated that 90 ± 10 ppm of the transcripts synthesized by nuclei isolated from GA4 treated protoplasts can be attributed to a-amylase sequences and that statistically insignificant amounts of these transcripts are obtained from control and GA4 plus ABA treatments. The results suggest that GA4 and ABA influence the transcription of a-amylase genes in aleurone protoplasts of wild oat.
The cereal aleurone layer is a useful model system for investigating the effects of the plant growth regulators gibberellin and ABA on gene expression. Protoplasts prepared from aleurone layers of wild oat (13) , like intact aleurone layers (5, 16, 21, 22, 24) , synthesize a-amylase in response to added gibberellin and are more sensitive to the hormone than the intact tissue (4) . In barley and wheat aleurones, a-amylase synthesis is accompanied by a rise in the level of a-amylase mRNA (2, 7, 12, 20, 23) and we show that the same is true for wild oat aleurone protoplasts. The rise in a-amylase mRNA could be the result of increased transcription ofa-amylase genes or ofa post-transcriptional effect on mRNA processing or stability, or to a combination of these effects (12) . We have compared rates of transcription of aamylase genes in nuclei from untreated protoplasts, with those from protoplasts treated with GA43 or with GA4 plus ABA. Our results suggest that hormone-mediated changes in a-amylase mRNA levels can be largely accounted for by changes in the level of transcription of a-amylase genes.
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MATERIALS AND METHODS
Plant Materials. Seeds ofAvenafatua were collected and stored as previously described (13) .
Isolation and Incubation of Aleurone Protoplasts. Aleurone protoplasts were isolated and incubated in medium either without GA4, with 1 Mm GA4, or with 1 ;tM GA4 plus 25 Mm ABA as described previously (13, 14) . GA4 was preferred to GA3 because available evidence (1) suggested that in barley it is the gibberellin ultimately responsible for a-amylase induction and we felt this might also be the case in wild oats. Although this view has since been disputed (9) the a-amylase inducing activity ofGA4 in wild oat protoplasts is equal to that of GA3 (4).
a-Amylase Assay. The control or hormone treated protoplasts were sedimented at 50 g for 1 min. The supematant, which in inducing treatments contains most ofthe a-amylase activity (13) was collected, dialyzed exhaustively against 100 mm Na-acetate buffer at pH 5.0, and the a-amylase activity was measured by the method of McCleary (17). The data presented in Figure 1 are the increases in A590 which resulted from incubating supernatants from 106 protoplasts with Alphachrome substrate (KochLight Ltd., U.K.) for 10 min at 37TC.
Preparation and Fractionation of RNA from Protoplasts. The protoplast pellet was suspended in-2 ml of NTE (100 mM NaCl, 10 mm Tris-HCl [pH 7.4 ], 1 mM EDTA, 1% SDS [w/v]), 1 ml of phenol was added, and the mixture was vortexed for 2 min. One ml of chloroform was added and the mixture vortexed 2 min. The phases were separated, the aqueous phase was retained, and the organic phase was reextracted with 1 ml NTE. The combined aqueous phases were extracted with 1 ml phenolchloroform (1:1) and nucleic acids were ethanol precipitated from the aqueous phase after the addition of 0.1 x volume of 3 M sodium acetate (pH 5.8). RNA (10 gg per treatment) was sizefractionated on a formaldehyde denaturing agarose gel (19) , blotted onto a nitrocellulose filter (25) , and hybridized with a probe containing 32P labeled barley cDNA for a-amylase (7). The filter was autoradiographed for 5 d at -80°C:
Preparation of Nuclei. After 72 h incubation, protoplasts (typically 3-4 x 106) were sedimented at 50 g for 1 min, the supernatant was collected for a-amylase assay, and the protoplasts washed once by centrifuging through 25 ml of fresh incubation medium. The pellet of washed protoplasts was lysed in ice cold NIB (10 (11) and from the same phage carrying a barley aleurone a-amylase cDNA insert fd 103-1 9E (6). DNA (10 ,ug) from control and insert-containing phage was attached to separate 6 mm diameter nitrocellulose filters (25) and radioactive RNA from each of the transcription incubations was hybridized to the discs for 72 h at 48C (3). The filters were washed (8) , dried, and counted in liquid scintillant. The differences between the counts hybridized to control and a-amylase filters over the range of counts in the hybridization reactions were calculated and plotted. An estimate of the ppm of total input RNA cpm hybridized at each input level was obtained by dividing the net cpm hybridized to the filter at that input level by the total cpm in the RNA at the same input level and multiplying by 106. The overall estimate of net ppm hybridized was the mean of the estimates for all four levels of RNA input. The number of cpm hybridized per 106 nuclei was calculated for each treatment by dividing the sum of the cpm hybridized to the filters by the number of nuclei in the appropriate transcription incubation.
RESULTS AND DISCUSSION
The plasmid pHV19 containing barley a-amylase cDNA (7) was used in a 'Northern' hybridization to detect sequences in RNA prepared from wild oat aleurone protoplasts (Fig. 1) . After 48 and 60 h incubation with GA4 a faint band corresponding to an RNA species of approximately 1700 bases was observed and the intensity of the band increased with longer incubation times.
In the absence of GA4 no band was detected after 72 and 96 h incubation and the same result was obtained for the GA4 + ABA treatment. Changes in the a-amylase levels in the incubation medium ( Fig. 1) paralleled changes in the levels of hybridization. An identical result was obtained when the plasmid used contained a different but related a-amylase barley cDNA (23) .
In aleurone layers of wheat and barley substantial amounts of a-amylase mRNA are present after 12 h incubation with gibberellin (2, 7, 20, 23) and enzyme levels increase correspondingly. The results of Figure I show that in RNA from wild oat protoplasts probed with barley a-amylase cDNA, a band which is approximately the same size as barley a-amylase mRNA, appears after a longer incubation and is correlated in time of appearance and amount with a-amylase. We conclude that the band is wild oat a-amylase mRNA.
The yield of nuclei from protoplasts (10 experiments) was 65 + 7% when estimated by haemocytometry and 71 ± 9% when measured by DNA recovery. Nuclear preparations were contaminated with starch grains carried over from the endosperm (Fig.  2a) but were devoid ofany contaminating cytoplasmic organelles when examined by electron microscopy. Although a fairly low concentration of Triton X-100 was used during isolation, the membrane had been almost completely stripped from the majority of the nuclei (Fig. 2b) Incorporation of [3H]UTP into cold TCA-insoluble products by isolated aleurone nuclei had the characteristics of a DNAdependent RNA-synthesizing system. It was dependent on the presence of the nonradioactive nucleoside triphosphates but less so on the ATP-generating system (Table I) . RNA synthesis was DNA-directed as shown by its sensitivity to actinomycin D. The slight reduction of counts accumulated in the absence of human placental ribonuclease inhibitor suggests that there may have been some ribonuclease activity in the nuclear preparation. Nevertheless, judging from the time course (Fig. 3) , there was no extensive degradation of newly synthesized RNA. It is probable that the synthesis is the result of the completion of transcripts initiated in vivo rather than to new initiation in vitro, but no direct evidence on this point was obtained. indicating that the a-amylase genes were being transcribed (Fig.  4) We conclude that this transcriptional control of a-amylase gene expression can at least partly account for the levels of aamylase mRNA observed when wild oat aleurone protoplasts are incubated with these plant hormones. We cannot, however, exclude the possibility of a simultaneous gibberellin-induced increase in the half-life of a-amylase mRNA like that seen in the effects of steroids on the accumulation of mRNAs for ovalbumin and conalbumin in chick oviduct (18) .
Hagen et at. (10) have recently reported that increased MRNA levels in auxin-treated soybean hypocotyls are at least partially the result of raised transcription of certain DNA sequences. In the present work evidence is presented that the hormonal control of the level of a known enzyme is mediated at least in part by the rate of transcription of its genes.
